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TEE BEQUIRED SUPPRESSION OF ANTENNA SIDELOBES NEAR THE MAIN LOBE 
When designing an MST radar  antenna one has t o  t rade  betweeu the choices 
t o  optimize the  e f f e c t i v e  aper ture  or t o  optimize the sidelobe suppression. An 
optimization of the aper ture  increases the  sens i t iv i ty .  Suppression of side- 
lobes by tapering a t tenuates  undesirable s igna l s  which spo i l  the estimates of 
r e f l e c t i v i t y  and veloci ty .  Generally, any sidelobe e f f e c t s  a r e  equivalent t o  a 
broadening of the antenna bean. The re turn  s ignal  i s  due t o  a product of the 
antenna pa t t e rn  with the varying atmospheric r e f l e c t i v i t y  s t ructures .  Thus, 
knowing the  antenna pat tern ,  it is  i n  p r inc ip le  possible t o  f ind  the s ignal  
spect ra ,  which, however, may be a tedious computational and ambiguous procedure. 
For v e r t i c a l l y  pointing main beans the sidelobe e f f e c t s  a r e  e f f i c i e n t l y  
suppressed because o t  the sspect  s e n s i t i v i t y .  It follows t h a t  sidelobes a r e  a 
minor probten fo r  spaced antenna methods. Ewever,  they can be  c ruc ia l  fo r  
Iloppler methods, which need off -ver t ica l  beams. If a sidelobe i s  pointing to- 
wards the zeni th  a l a rge r  power may be received from the v e r t i c a l  than off-  
v e r t i c a l  d i rec t ions ,  but quan t i t a t ive  estimates of t h i s  e f f e c t  a r e  not y e t  
known. 
To g e t  an e r r o r  estimate of sidelobe e f f e c t s  with an off -ver t ica l  main 
beau we d i s c r s s  the following 1-dimensional example. This y ie lds  a reasonable 
estimate aance the sidelobe c loses t  t o  zeni th ,  i n  the plane i n  which the main 
bean is s teered,  mostly dominate the errors .  
Assume t h a t  the antenna pat tern  P(6) i n  the plane i n  which the main beam 
i s  t i l t e d  i s  given by Figure 1. Let P1 be the power gain of the main lobe a t  
the  zeni th  angle $,  and P2 the power of .the sidelobe a t  6 . The aspect 
- 
s e n s i t i v i t y ,  given by a(&), changes the ac tua l  antenna pat$ern t o  an apparent 
antenna pat tern ,  sketched by the dashed l ines .  It a l t e r s  the  d i rec t ion  a n d t h e  
power of the antenna lobes, For the following estimates we do not consider the 
- - - 
-.- -C apparent beam d i rec t ion  and we confine t o  the power i n  the main lobe a t  61 
and the  f i r s t  sidelobe a t  62. The other sidelobes ( a t  62\ 63' and 63) 
a r e  reasonably suppressed by the aspect s e n s i t i v i t y  and a r e  not considered 
here. To g e t  a worst estimate we a l s o  do not consider the doubling of sidelobe 
suppression fo r  r e f l e c t i o n  and assume a one-way beam only ( sca t t e r ing) .  
From the Doppler spectrum P(w) of the  radar r e tu rns  we g e t  the average 
power 
P = P(w) dw, 
- i 
and the  average Doppler frequency 
- j W  P(w) dw 
W = 
- 
P 
Assuming t h a t  the radar  detected s t ruc tu res  move with a ve loc i ty  U i n  the plane 
of F b u r e  1, we would measure Doppler frequencies w = (-&a U s i n  6 )/lo 
and 3 - (-471 O s i n  62)/1 and average (normalired!J powers P1 and h2 
through the main beam a t  8; and the  sidelobe a t  6*. Since the c o n t r ~ b u t i o n  
from the main- and the sidelobe cannot be separated, we obta in  the incorrect  
*presently a t  Arecibo Observatory, Arecibo, Puerto Rico, on leave from 
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Figure. 1. Schematic antenna pa t t e rn  P(6) i n  t h e ' v e r t i c a l  plane a s  funct ion of 
zen i th  angle 6. The 'main lobe with power gain  P1 i s  ti1 t,ed o f f  y e  v e r t i -  
c a l  a t  an angle Sidelobes a r e  shown a t  angles 62, 62, 63, 63: 
The antenna pat tern  i s  weighted (dashed l i n e s )  by the  aspect sensa t iv i ty  
a ( & ) .  
estimates 
where al = ~ ( 6 ~ )  and a2 = a(6 2 ) ' 
f f ' o n e  would neglect  the sidelobe e f f e c t s ,  one measures the  s ignal  power (2 ray 
i dar  r e f l e c t i v i t y )  and ve loc i ty  with f r a c t i o n a l  e r r o r s  
6- , I.- ,I 
- 
I C  I 
- P - alp1 a 2 P 2 
a P  
P- 
a p '  11  11 
C 
-- - - --- T i  - - 
w - w1 alpl + a2P2 s i n  6 2 / ~ i n  61 &.dm AU=-= 
- 
- 1. 
L-. _-  - - 
. - 
W 1 alPl + a2P2 
Using f o r  example 61 = go,  62 = -4,1° (without considering the  apparent 
beam d i r e c t i o n ) ,  P1 = 1.0, P2 = 10 ( for  a worst estimate of -20 dB two- 
way-beq s idelobe suppreefion), and -a(&) = 1 43Idegree correspond_$ng t o  al = 
1.3'10 and a = 3.6'10 , y ie lds  AP = 2.8'10 and AU = -4.3'10 . 
This means thag the power would be overestimated by 2.8%, and the  hor izonta l  
ve loc i ty  would be underestimated by 4.3%. A s imi la r  computation w i l l  y i e ld  the  
e r r o r  estimates fo r  the spec t ra l  width. Since 6 and P a r e  known,-instru- 
mental parameters and a(6)  i s  f a i r l y  wel l  known from oidervations,  AP and A& 
can be used f o r  correction,  which w i l l  y ie ld  a very reasonable es t imate  of P 
and U. It, thus,  may appear t o  be more f e a s i b l e  to  apply correct ions  which 
have t o  take i n t o  account the  two-dimensional pa t t e rn  than use tapering. How- 
ever,  s i t u a t i o n s  may occur (e.g., strongly t i l t e d ,  r e f l e c t i n g  l aye r s )  which 
would lead t o  subs tan t i a l  contr ibut ions  through antenna sidelobes. These 
s i t u a t i o n s  need specia l  a t t e n t i o n  during the  da ta  analysis.  To minimize the 
problems with t i l t e d  layers ,  it i s  recommended t o  swap the main bean di rect ion,  
viz.  neasure a t  zeni th  d i rec t ions  6 and when applying the  Doppler 
beam swinging method. A more r e l i a h e  es t imate  of the ti1 t, however, can be 
deduced with the interferometer technique. 
